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The relationship between the degree and distribution of hippocampal atrophy measured by volumetric magnetic 
resonance imaging and severity of memory deficits in 25 patients with temporal lobe epilepsy secondary to mesial 
temporal sclerosis was assessed. Hippocampal volumes were expressed as a ratio of smaller to larger, normal ratio 
greater than 0.95. Neuropsychology tests included: subtests of the WAIS-R, Rey Auditory Verbal Learning Task, 
Rey Figure and the Austin Maze. Degree of left hippocampal atrophy in patients with left temporal lobe epilepsy 
was associated with severity of verbal memory deficits as measured by RAVLT total recall (P <0.05), delayed 
recall (P < 0.001) story recognition (P < O.OOl), list recognition (9 < 0.001) and final delayed recall (P < 0.001) 
and recall of the Rey Figure (P < 0.01). There was no association between degree of right hippocampal atrophy 
and any of the memory tests. Diffuse left hippocampal atrophy was associated with more severe verbal memory 
deficits than anterior atrophy. We conclude, the association between degree of left hippocampal atrophy and verbal 
memory provides further evidence of the predominant involvement of the left hippocampus in verbal memory. The 
finding of a relationship between degree of left hippocampal atrophy and measures of non-verbal function suggests 
these tests are dependent on verbal memory, or that mesial temporal sclerosis is a bilateral but asymmetrical 
condition. 
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INTRODUCTION 
The most common cause of temporal lobe 
epilepsy (TLE) is mesial temporal sclerosis 
(MTS)‘. It is well recognized that patients with 
TLE secondary to MTS often have neuropsycho- 
logical deficits. Specifically, left dominant patients 
with a left hippocampal focus have predominantly 
verbal memory deficits with a less clear-cut 
relationship between right temporal lobe epilepsy 
and non verbal deficits*. 
MTS can often be identified on visual analysis 
of the MRI scan as atrophy of the hippocampus 
on Tl weighted images and increased signal 
intensity on T2 weighted images374. In recent 
years, the technique of volumetric analysis has 
been used to quantitatively measure hippocampal 
size5-7. This technique allows detection of a small 
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but clinically significant reduction in hippocampal 
size that cannot be detected by visual analysis, 
thereby increasing the ability to diagnose MTS, 
and provides an object measure of the degree of 
atrophy. 
Hippocampal atrophy detected by MRI volu- 
metric assessment correlates with the pathologi- 
cal finding of MTS6, and a relationship between 
volumetric measurement and cell loss of the 
hippocampus has been shown**9. In addition, 
several studies have reported a relationship 
between severity of preoperative verbal memory 
deficits and extent of cell loss of the left 
hippocampus in patients with left TLE”‘-13. It is 
hypothesized therefore, there is a relationship 
between the degree of hippocampal atrophy as 
measured by volumetric analysis and severity of 
memory deficits. In addition it is proposed that 
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patients with diffuse atrophy of the hippocampus 
will have more extensive preoperative memory 
deficits than patients with atrophy confined to the 
anterior hippocampus. Although previous studies 
have assessed the relationship between hip- 
pocampal volume and verbal and non-verbal 
memory, the results have been inconsistent6*‘4*‘5 
and a relationship between right hippocampal 
volume asymmetry and non-verbal memory per- 
formance has not been found. The relationship 
between distribution of atrophy of the hippocam- 
pus and memory deficits has not been previously 
assessed. 
The aims of this study therefore were to assess 
the relationship between degree of hippocampal 
atrophy and preoperative memory measures and 
the relationship between the distribution of 
hippocampal atrophy and severity of psychomet- 
ric impairment. 
PATIENTS AND METHODS 
This study includes 25 patients with intractable 
TLE. In each patient MRI revealed unilateral 
hippocampal atrophy, confirmed on volumetric 
analysis. Patients with other MRI lesions were 
excluded. All patients had video EEG monitoring 
with surface electrodes to confirm the clinical 
diagnosis of complex partial seizures of temporal 
lobe origin, and to confirm the laterality of the 
seizure focus was concordant with the MRI 
finding. Eighteen patients had left hippocampal 
atrophy (11 female, 7 male) and seven right 
hippocampal atrophy (3 female, 4 male). Ages at 
assessment ranged from 17 to 60 years. All 
patients had long standing epilepsy inadequately 
controlled by medical therapy with at least two 
seizures per month, and were referred for 
assessment for epilepsy surgery. Mean age of 
onset of afebrile seizures was 12 years and mean 
duration of epilepsy was 21 years. The WAIS-R 
Full Scale IQ of all patients was above 73 (range, 
73-140), and all patients were right handed 
according to the Edinburgh handedness 
inventory16. 
Biomedical Imaging Resource ANALYZE 6.2 
(Copyright 1986-1994 Biomedical Imaging Re- 
source, Mayo Foundation). ANALYZE 6.2 was 
used to measure the hippocampal area by a 
combination of thresholding and manual tracing. 
Rigid anatomical landmarks were employed to 
define the boundaries of the hippocampal forma- 
tion, using a method previously described’.“. In 
total, 25 f 3 surface areas were measured for each 
hippocampus, involving the entire length of the 
hippocampus. 
This method produced a series of paired 
hippocampal cross sectional areas which were 
summed and multiplied by the slice thickness to 
obtain an estimate of hippocampal volume. These 
surface areas are then plotted against each slice 
through the length of the hippocampus, enabling 
an estimate of distribution of atrophy. Anterior 
focal atrophy is defined as volume loss confined to 
the anterior half of the hippocampus, whereas 
diffuse atrophy involves the length of the 
hippocampus. This method of volumetric analysis 
has previously been shown to be reliable and 
reproducible within and between observers’. 
Prior to commencement of the study, validation 
was performed by two independent observers on 
ten patients randomly selected, yielding l-2% 
inter-observer difference. The two hippocampal 
volumes measured in cubic millimetres are 
expressed as a ratio of the smaller volume to the 
larger volume, normal ratios being greater than 
0.95’. 
Neuropsychological testing 
Neuropsychological testing was carried out by the 
Department of Psychology, Royal Melbourne 
Hospital. Subtests of the Weschler Adult Intellig- 
ence Scale-Revised (WAIS-R)” were used to 
provide a global assessment of a patients abilities 
and to provide a perspective for interpretation of 
performance in more specialized tests. Some 
patients did not complete all the neuropsychology 
tests. 
The following tests of verbal memory were 
administered: 
Determination of hippocampal volumes 
Rey auditory verbal learning task (RAVLT) 
All patients had a whole brain volumetric MRI 
study performed on a 1.5 Tesla scanner. The 
protocol generated 124 contiguous 1.5 mm-thick 
coronal images of Tl weighting. The images were 
transferred and analysed off-line on a dedicated 
Unix system computer workstation using the 
The RAVLT” is a measure of verbal memory 
and verbal memory retention. The patient is 
exposed to five learning trials of a 15-word list. A 
total recall measure was obtained by summing the 
results of the five learning trials. This is followed 
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by the learning of a different list to provide 
interference which in turn is followed by the 
delayed recall of the original list (delayed recall). 
Following this delayed recall test, there are two 
further recognition tests, one in which the original 
words of the list form a story (story recognition), 
and a second recognition test in which the original 
15 words have to be recognized from 35 distractor 
words (list recognition). In both tests the patient 
must identify the original 15 words. Thirty 
minutes later, a final delayed recall of the original 
list is made. 
Tests of non-verbal memory were: 
Rey figure recall 
The Osterrieth Rey figure” requires a patient to 
copy a complex design by drawing (Rey copy). 
The patient is then required to recall the design 
30 minutes later (Rey Figure Recall). 
A us tin maze 
The Austin maze” is a measure of non-verbal, 
topographical memory. Patients are required to 
discover a pathway initially by trial and error, 
leading through buttons, from the bottom left 
corner to the top right corner. In subsequent 
trials, patients are required to learn the path until 
they complete two trials of the maze without 
error. 
The WAIS-R results were age scaled and 
Austin maze results were converted to Z scores 
according to standard deviation provided by the 
norms based on IQ. 
STATISTICAL METHODS 
The Pearson correlation, r, was used as a measure 
of association between continuous measures. The 
association between a continuous measure, such 
as hippocampal ratio, and one or more of the 
neuropsychological variables was assessed by 
multiple linear regression using the statistical 
package GLIM ** Linear logistic regression was . 
used to analyse the relationship between the 
distribution of hippocampal atrophy (i.e. anterior 
or diffuse) and the neuropsychological variables. 
Nominal P values less than 0.05 were interpreted 
as evidence of an association. 
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RESULTS 
The hippocampal volume ratios ranged from 0.38 
(indicating severe atrophy), to 0.89 (indicating 
mild atrophy). In patients with left temporal lobe 
epilepsy, the degree of atrophy of the left 
hippocampus expressed as a ratio of the smaller 
volume to the larger volume was associated with 
performance in the RAVLT total recall (n = 14, 
r = 0.6, P < 0.05) (Fig. l), RAVLT delayed recall 
(n = 12, r = 0.9, P~O.001) (Fig. 2), RAVLT 
story recognition (n = 13, r = 0.8, P < 0.001) (Fig. 
3), RAVLT list recognition (n = 13, r = 0.8, 
P < 0.001) (Fig. 4), and RAVLT final delayed 
recall (n = 13, r = 0.7, P < 0.001) (Fig. 5). 
In the same patient group, the degree of left 
hippocampal atrophy was associated with the 
ability to recall the Rey Figure (Rey Figure 
Recall) (n = 13, r = 0.5, P < 0.01) (Fig. 6). There 
was no evidence of an association between degree 
of left hippocampal atrophy and the Austin Maze. 
In patients with left hippocampal atrophy, 
diffise left hippocampal atrophy was associated 
with more severe verbal memory deficits as 
measured by the RAVLT list recognition (P < 
0.005) and the RAVLT story recognition (P c 
0.05). Hippocampal volumes in patients with 
diffuse atrophy were 16% smaller than patients 
with focal anterior atrophy (P = 0.05). 
In patients with right TLE, there was no 
significant association between the degree of right 
hippocampal atrophy and measures of non- 
verbal memory function (Rey Figure Recall 
r =0.5, P = 0.25, Austin Maze r = -0.75, P = 
0.14 ). 
DISCUSSION 
This study reports a moderate to strong associa- 
tion between the degree of left hippocampal 
atrophy, as measured by volumetric analysis of 
MRI, and severity of verbal memory deficits, as 
measured by the RAVLT, and thereby provides 
RAVLTtotalrecdl ~0.6 
n=14,pd.05 
Fig. 1: The relationship between degree of hippocampal 
atrophy and RAVLT total recall in patients with left 
hippocampal atrophy. 
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RAVLT delayed recall ~0.9 
p<o.o01. n=l2 
Fig. 2: The relationship between hippocampal ratio and 
RAVLT delayed recall in patients with left hippocampal 
atrophy. 
further evidence of the predominant involvement 
of the left hippocampus in the verbal memory 
process. Although these patients did not undergo 
the intracarotid sodium amytal test, given that 
they were all right handed, it is highly likely they 
were left hemisphere dominant23. 
Several studies have assessed the relationship 
between the degree of atrophy of the left 
hippocampus and severity of verbal memory 
deficits but the results have been inconsistent 
Trenerry et a/l4 assessed the relationship between 
hippocampal volume measurements in patients 
with TLE and memory function both pre- and 
post-operatively. Although in patients with left 
TLE a correlation was found between the 
difference in right and left hippocampal volume 
and postoperative change in verbal memory, in 
contrast to the present study, a significant 
association was not found between preoperative 
verbal memory and left hippocampal volume. 
Loring et al I5 found a sign ificant association 
between degree of left hippocampal atrophy and 
delayed logical memory, but not other measures 
of material-specific memory function. In a study 
reported by Lencz et al’, an association was found 
between the preoperative verbal selective re- 
minding test (vSRT) and the volume of the left 
temporal lobe and the ratio of left to right 
temporal lobe measure in patients with left TLE, 
0 2 4 6 8 10 12 14 16 
RAVLT story recognition 4.8 
p<o.oo I, n= I3 
Fig. 3: The relationship between hippocampal ratio and 
RAVLT story recognition in patients with left hippocampal 
atrophy. 
RAVLT list recognition ~0.8 
p<o.rMl I , ,I= I 3 
Fig. 4: The relationship between hippocampal ratio and 
RAVLT list recognition in patients with left hippocampal 
atrophy. 
but not the absolute volume of the left 
hippocampus. This contrasts with the findings of 
Sass et a/“, who reported a correlation between 
preoperative vSRT and cell loss of the left 
hippocampus in patients with left TLE. Lencz et 
af*, however, found a relationship between the 
logical memory percent retention and absolute 
left hippocamapal volume in patients with left 
TLE. 
Differences in results of these studies and the 
present study may be in part explained by 
differences in the method of volume measure- 
ment, in particular in relation to the number and 
thickness of slices of the hippocampus measured. 
Loring et al’” used 4-mm slices, with a mean of six 
slices per measurement, and Lencz et al* used 
5-mm slices and measured only the mid and 
posterior part of the hippocampus. A larger 
number of slices sampled throughout the length 
of the hippocampus, as in the present study, leads 
to greater accuracy and reliability of the 
measure’. Other factors contributing to the 
variability of the results are the differences in 
expression of hippocampal atrophy, i.e. absolute 
volume measurement rather than volume ratios, 
differences in neuropsychology tests used and the 
sample size. 
Consistent with previous reports8*‘4*‘5, no as- 
sociation was found between the degree of right 
hippocampal atrophy and tests of non-verbal 
memory, reflecting the current uncertainty sur- 
rounding the specialized function of this 
RAVLT final delayed recall ~0.7 
p<o.oo I, n= I3 
Fig. 5: The relationship between hippocampal ratio and 
RAVLT final delayed recall in patients with left hippocampal 
atrophy. 
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RAVLT ligure recnll ~0.5 
pco.01. u=l3 
Fig. 6: The relationship between hippocampal ratio and Rey 
Recall in patients with left hippocampal atrophy. 
structureZJ. The original findings by Kimura and 
Milner which found non-verbal memory 
impairment to be associated with right temporal 
lobe lesions, have not been replicated as yet, 
although there may be differences in the nature of 
the samples used by these earlier studies in that 
some of these patients may have had damage or 
excisions to areas beyond the right temporal 
lobe25*2”. Also, there is now evidence that early 
onset of seizures may be associated with some 
reorganization of functions normally subsumed 
by the left temporal lobe’4*‘7. In the present 
study, the number of patients studied with right 
hippocampal atrophy was very small, limiting the 
potential to detect an association with measures 
of non-verbal memory function, and hence a 
conclusion that there is no association cannot be 
made. In support of our findings however, Rausch 
and Babb” found no relationship between cell 
loss of the right hippocampus and tests of 
non-verbal function. A recent study however, 
reports a relationship between CA4 subfield cell 
loss in the right hippocampus and severity of 
non-verbal deficits”‘. 
To our knowledge this is the first report of a 
study looking at the distribution of hippocampal 
atrophy and severity of neuropsychology deficits. 
The finding of a poorer performance in some tests 
of verbal memory in patients with diffuse rather 
than focal anterior atrophy, suggests that the 
entire hippocampus is involved in memory 
function. This result is not entirely explained by 
the fact that patients with more severe hippocam- 
pal atrophy are more likely to have diffuse 
atrophy, as there was not a statistically significant 
relationship between severity of atrophy as 
measured volumetrically and distribution of 
atrophy. 
Results which were not predicted were the 
associations between degree of left hippocampal 
atrophy and recall of the Rey complex figure, a 
measure of visual or non-verbal memory func- 
tion. This finding however, is consistent with a 
recent report of an association between CA1 
subfield neuronal density of the left hippocampus 
and recall of the Rey figure**. In addition, Miller 
et al*’ found both left and right MTS patients 
performed less well than controls in the ability to 
recall the Rey figure, with no side of lesion effect. 
Similarly Hermann et af3” found patients post left 
temporal lobectomy had deficits in visual me- 
mory. These authors suggested this finding could 
be explained by the fact that the figure to be 
remembered can be encoded by the patient in a 
verbal manner, and thus impairment of either 
verbal or visuospatial function could result in a 
poorer ability to remember the figure. An 
alternative explanation is that patients with MTS 
have bilateral, although asymmetrical, hippocam- 
pal involvement and pathological involvement of 
the asymptomatic hippocampus may be con- 
tributing to the performance on neuropsychologi- 
cal testing. In addition, it must be remembered 
that an association may occur through an 
association with an intermediary variable. If, for 
example, the atrophy of the left hippocampus 
bears a relationship with the integrity of other 
brain areas, then it may be those other areas 
which bear the truest and strongest relationship 
with the function measured, in which case the 
hippocampus acts as an intermediary variable. 
In the present study hippocampal volume 
ratios,’ rather than absolute hippocampal vol- 
umes were used to express the degree of 
hippocampal atrophy. This methodology assumes 
MTS is a unilateral disease. It is possible this is 
incorrect and that in some patients the asympto- 
matic hippocampus is pathologically involved and 
contributing to the neuropsychology deficits. 
Further studies assessing the relationship bet- 
ween absolute hippocampal volumes in addition 
to hippocampal ratios, and neuropsychological 
deficits will help to define this relationship 
between MTS and memory function further. 
Finally, the finding of an association between 
the degree of left hippocampal atrophy as 
measured by MRI volume analysis and the 
severity of some measures of verbal memory 
deficit, provides further evidence of the reliability 
of this method of MRI volume analysis in 
detecting hippocampal volume asymmetry and in 
diagnosing MTS. 
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